Physagulides M-O, three new withanolides (1-3), were isolated from the aerial parts of Physalis angulata L. Their structures were elucidated through extensive spectroscopic techniques, including 1D and 2D NMR, and HRESIMS. The absolute configurations (22-R) of these new compounds were determined by CD analysis. Compounds 1 and 3 showed significant selective cytotoxic activities on the MG-63 cell line, with IC 50 values of 4.28 and 5.44 μM, respectively.
Withanolides are a group of C 28 ergostane-type steroids with a δlactone oxidized at C-22 and C-26, distributed mainly in plants belonging to the genera Physalis, Withania, Datura, Hyoscyamus, Jaborosa, Nicandra and Tubocapsicum of the family Solanaceae [1] . In recent years, withanolides have gained significant scientific interest due to their various structures and notable biological properties [2] , including immunosuppression [3] , quinine reductase induction [4] , antiproliferative [5] , anti-inflammation [6] , and antitumor activities [7a, b] . Physalis angulata L., a widely distributed species throughout the east and southwest regions of China [8] , is commonly used as a traditional Chinese medicine for antipyretic, anti-inflammatory and diuretic purposes [9] . Phytochemical research has indicated that withanolides, with diverse structures and significant antitumor activities, are the main constituents of this plant [10] . As a part of our research program on bioactive constituents from Chinese folk medicines, three new withanolides (1) (2) (3) were isolated from the aerial parts of the title plant. Their structures were elucidated through extensive spectroscopic techniques, including 1D and 2D NMR, and HRESIMS. The absolute configuration (22-R) of these new compounds was determined by CD analysis. Anantiproliferative activities screen indicated that compounds 1 and 3 had selective significant cytotoxic activity on the MG-63 cell line with IC 50 values of 4.28 and 5.44 μM, respectively [11] . Herein, we report the isolation, structure elucidation and cytotoxic activity of these new compounds.
Physagulide M (1) was obtained as a white amorphous solid, and its HRESIMS showed a [M+NH 4 ] + peak at m/z 578.3326 (calcd 578.3324 ) corresponding to a molecular formula of C 31 H 44 O 9 . The strong IR absorptions at 3444 and 1707 cm -1 indicated the presence of hydroxy groups and an α, β-unsaturated ketone [12] , which was supported by an UV absorption at 227 nm [13] . The whole features of the 1 H and 13 C NMR (Table 1) data of 1, especially the five methyl signals at δ H 1.08, 1.30, 1.01, 1.86, and 1.93, and a set of carbon signals of an α, β-unsaturated ketone (δc 166.5, 122.2 and 149.1), indicated that compound 1 was a withanolide derivative, such as physagulin N [9] . Two characteristic olefinic protons of the α, β-unsaturated ketone in ring A seen in the 1 H NMR spectra of many normal withanolides [14] were absent in the spectrum of 1 ( Table 1) ; instead of methylene protons at δ H 3.08 (dd, J = 15.1, 5.3 Moreover, an HMBC correlation between a methoxyl signal at δ H 3.32 (s, 3H) and C-3 (δ C 77.3) was observed. The aforementioned evidence suggested that the typical Δ 2, 3 of normal withanolides was absent and a methoxyl group was located at C-3. The signal at δ H 3.51 (d, J = 3.4 Hz, H-4) and HMBC correlations between H-4 and C-2 (δ C 39.1), C-3 (δ C 77.3), C-5 (δ C 64.3), and C-10 (δ C 50.7) suggested that a hydroxyl group was located at C-4. Signals at δ H 3.29 (s, H-6), δ C 64.3 (C-5) and 61.8 (C-6) could be assigned for an epoxy group linked at C-5/6 [15] , which was proved by the HMBC correlations from H-4 to C-5 and C-6, from H-6 to C-7 (δ C 24.5) and C-8 (δ C 35.1) ( Figure 2 ). Two olefinic methyl signals at δ H 1.86 (3H, s, Me-27) and δ H 1.93 (3H, s, Me-28) and a double doublet at δ H 4.32 (ddd, J=13, 4.6, 3.5 Hz, H-22) indicated the presence of a typical α, β-unsaturated-δ-lactone in the side chain, which was confirmed by the HMBC correlations shown in Figure 2 The obvious positive Cotton effect at 249 nm in the ECD spectrum of 1 indicated that the absolute configuration of C-22 was assigned as R [18] . On the basis of all the above evidence, the structure of 1 was established as (20S, 22R)-15α-acetoxy-5β, 6β-epoxy-4β, 14βdyhydroxy-3β-methoxy-1-oxowitha-24-en-26, 22-olide, and named physagulide M.
The spectral characteristics of physagulide N (2) were very similar to those of 1, with the major difference being the absence of signals corresponding to the acetoxy group in 1, consistent with the 58.0061 mass units less than 1 in the HRESIMS. The upfield shifts of the C-15 from δ C 80.6 in 1 to 32.8 suggested that there was no acetoxyl group linked at C-15. The similar ROESY and ECD spectra indicated that the relative and absolute configuration of 2 were the as same as those of 1. Thus, compound 2 was established as (20S, 22R)-5β, 6β-epoxy-4β, 14β-dyhydroxy-3β-methoxy-1oxowitha-24-en-26, 22-olide, and named as physagulide N. 
Cytotoxicity assay:
The cytotoxicity bioassay of all new compounds against human cancer cells (MG-63， HepG-2， MDA-MB-231) was determined in vitro with the MTT assay, as described previously [19] . Doxorubicin was used as the positive control [20] . All experiments were carried out in triplicate.
Supplementary data: NMR spectra ( 1 H and 13 C NMR, HSQC, HMBC and ROESY), HRESIMS and CD spectra for the new compounds (1-3).
